Introduction {#s1}
============

Visual perceptual disturbances are common in schizophrenia ([@B1], [@B2]) and in schizotypy ([@B3], [@B4])---a cluster of personality traits reflecting a putative liability to schizophrenia-spectrum disorders in the general population ([@B5], [@B6]). In particular, difficulties in perceptual organization (PO)---the integration of visual information into coherent patterns---have been well-documented in both groups ([@B7]--[@B11]). It has also been suggested that abnormal PO may be relatively common in neurodevelopmental conditions, such as schizophrenia spectrum ([@B2]) and autism spectrum disorders ([@B12], [@B13]), though the exact nature of these difficulties is still unclear.

In the schizophrenia literature, there has been a strong research interest in *contour integration* as an index of PO, particularly using the Jittered Orientation Visual Integration \[JOVI; ([@B14])\] task, which measures an individual\'s ability to tolerate orientation noise at the local signal level when evaluating the shape of a global contour formed from these elements. In this task, the stimulus is a field of randomly oriented (but relatively evenly spaced) Gabor patches, containing the target shape (commonly an egg-shape). The target shape is made up of regularly sampled Gabor elements, which becomes visible by aligning the Gabor patches with the boundary of the shape (see Figures [1A--C](#F1){ref-type="fig"}). The participants\' task is to decide which direction the target shape is pointing when elements on the contour are randomly changed in orientation by varied amounts (which increases task difficulty). Threshold performance on this task reflects the amount of orientation noise that can be tolerated when making these judgments. Although this task has received strong research interest, and consistently revealed poorer performance in schizophrenia patients \[e.g., ([@B14]--[@B17])\], as early as the first psychotic episode ([@B18]), much less is known about these particular integration abilities in healthy individuals with high levels of schizotypy, who are at increased risk for schizophrenia.

![Upper: (Radial Frequency Jittered Orientation Tolerance task). **A--C** in the upper part of the figure represent sample items from the Radial Frequency Jittered Orientation Tolerance (RFJOT) task. The participant is required to indicate whether the RF3 is pointed to the left (examples **A**,**C** point left) or right (example **B**) The amount of orientation jitter increases from example **(A--C)**, showing 0°, 17°, and 27° of jitter, respectively. Participants are expected to perform at close to ceiling for zero jitter levels **(A)**, with reduced accuracy as jitter is increased up to 27° jitter **(C)**. The jitter level presented in stimulus **(B)** (17°) is the approximate average threshold across all participants. Lower: (Radial Frequency Integration Task). The Radial Frequency Integration Task (RFIT) measures an individuals\' amplitude threshold to discriminate an RF3 **(D--G)** from a circle **(H)** when 1 cycle **(D)**, 2 cycles **(E)** and 3 cycles **(F,G)** are present. **D--F** represent the RF patterns at 2.5 times the average threshold across participants, whereas **(G)** shows an RF3 at the average threshold for 3 cycles.](fpsyt-09-00518-g0001){#F1}

One previous study, using a task with similar stimulus and processing requirements as the JOVI, compared high and low schizotypal groups \[individual\'s scoring in the top and bottom 20% on cognitive-perceptual, interpersonal and disorganized traits on the Schizotypal Personality Questionnaire; ([@B19])\], but found no differences between these groups on integration abilities. In contrast, disorganized schizotypy, assessed with the Thought Disorder Index ([@B20]) was associated with poorer integration abilities ([@B21]). Consequently, it is difficult to know the true interaction between schizotypal traits and integration abilities. More recently, Carter and colleagues have argued that visual integration deficits are closely related to the positive (e.g., delusions, hallucinations) symptoms of schizophrenia, independent of diagnosis ([@B22]); though visual motion, rather than contour integration was examined, which primarily activates dorsal rather than ventral cortical pathways ([@B23]), and the relationship with positive, disorganized and negative schizotypy traits was not investigated.

The JOVI task involves both local and global aspects of contour integration ([@B24]), which may independently influence PO. The task requires the orientation of local elements to be extracted to form a smooth, albeit sampled, shape and then a judgement must be made about a global property of that shape which is only available after the shape is formed; whether it points left or right. Poor performance could arise from either impaired performance in the ability to distinguish the orientation samples on the path from the noise (*local uncertainty*), or a degraded representation of the shape due to the incorporation of orientation noise on the sampled path (*global uncertainty*). Since the global task is very simple and common across conditions in which local element noise is varied, variation in orientation noise tolerance is likely to reflect local element extraction properties. Alternatively, poor performance on the JOVI could arise from global integration difficulties; however, local and global processes are not easily distinguished with current versions of this task.

Here we use the Radial Frequency Integration Task (RFIT), to assess the efficiency of *global* integration of local shape information during shape discrimination. Radial Frequency (RF) patterns are distorted circles created by the regular sinusoidal modulation of the radius of the circle around it\'s perimeter ([@B25]). The RFIT measures the threshold depth of sinusoidal distortion of the RF contour needed to discriminate a contour from a circle. The threshold is measured for patterns with different proportions of the perimeter undergoing distortion \[Figures [1D--H](#F1){ref-type="fig"}; ([@B26]--[@B31])\]. Sensitivity to local orientation signals determines the minimum detectable amplitude of modulation ([@B30]) and as more local information is provided, thresholds decrease. This relationship is represented by the *slope* of the line indicating improvement in performance, and provides an index of global integration. If the slope is steeper than can be predicted simply by having more local distortion signals to detect (i.e., by probability summation), then there is evidence for global contour integration ([@B32]--[@B34]).

Complementing the RFIT, we created a modified version of the JOVI task--the Radial Frequency Jittered Orientation Task (RFJOT). Importantly, the stimuli in the tasks used here---RF patterns---are readily able to differentiate local and global visual processes contributing to PO performance ([@B35]). For both the RFIT and RFJOT an RF pattern where three cycles of modulation would complete the 360° contour (an RF3) were used, as these have been shown to drive global integration in the visual system ([@B31]--[@B33]). Previous work has shown atypically enhanced global integration in "healthy" adults high in autistic-like traits ([@B26]). To date, however, the RFJOT and RFIT has not been used to examine contour integration abilities in a schizotypy sample.

Using both the RFIT and the RFJOT allows for more precise determination of the level of processing difficulties that may be associated with schizotypal traits. If the RFIT produces higher overall thresholds, this would indicate a problem with the local level of element processing while a different rate of improvement with additional cycles of modulation on the contour would indicate a difference in global contour integration. The RFJOT determines the tolerance to local contour features (element orientation) but does not place a stringent requirement on the global integration abilities. Using the two tasks together allows measurement of the strength of global integration of contour information (RFIT, integration slope)[^1^](#fn0001){ref-type="fn"} and tolerance of local orientation noise (RFJOT threshold).

In sum, our aim was to investigate contour integration abilities in healthy young adults high and low in schizotypy traits using these two psychophysical tasks: 1) the Radial Frequency Jittered Orientation Tolerance (RFJOT) task and 2) the RFIT, to assess local and global visual integration, respectively. Building on prior research, we chose to focus on positive schizotypy, comparing visual integration abilities in healthy individuals with high and low scores on the Perceptual Aberrations (PAb) scale ([@B36]). Based on previous evidence \[e.g., ([@B14], [@B18], [@B21], [@B22])\] we predicted that, compared to the Low PAb group, the High PAb group would exhibit poorer tolerance to local noise (lower thresholds and lower proportion of correct responses on the RFJOT task) and reduced global integration efficiency (shallower slope values on the RFIT). In addition, in order to address the issue of specificity, the influence of other positive, disorganization and negative schizotypy traits was also explored.

Methods {#s2}
=======

Participants
------------

### Screening and recruitment

Two-thousand one-hundred and ninety-eight undergraduates from the University of Western Australia completed the PAb (see Table [S2](#SM1){ref-type="supplementary-material"} for comparison with previous studies) and Social Anhedonia subscales from the Wisconsin Schizotypy Scales-Brief ([@B36]) and the Cognitive Disorganization subscale from the short-form Oxford-Liverpool Inventory of Feelings and Experiences ([@B37]). Schizotypy questions were interspersed with items from the Infrequency Scale ([@B38]) to identify inconsistent or careless responding (1.7% of respondents met this criteria). Participants with High (above 90th percentile, PAb score ≥ 3) and Low (below 50th percentile, PAb score = 0) scores on the PAb scale[^2^](#fn0002){ref-type="fn"} were randomly sampled and invited to participate in further testing (outlined below).

### Clinical assessment and exclusions

Participants were excluded if they reported a past or current diagnosis and/or treatment for a psychotic illness (*n* = 1); screened positive for the presence of psychotic illness on individual interview ([@B41], [@B42]) (*n* = 0)[^3^](#fn0003){ref-type="fn"}, had a positive history of a neurological disorder (*n* = 1), substance abuse (*n* = 5), poor visual acuity (lower than 20/32, *n* = 0) or poor fluency in English (*n* = 0).

### Sample characteristics

Fifty-five participants were recruited in the High PAb group (scores ≥3) and 77 participants in the Low PAb group (scores of 0). The sample comprised predominantly young adults (*M*~*age*~ = 19.57, *SD*~*age*~ = 2.95, 17--31 years; 68% female).

Psychometric measures
---------------------

### Schizotypal traits

The Wisconsin Schizotypy Scale-Brief ([@B36]) and short-form Oxford-Liverpool Inventory of Feelings and Experiences ([@B37]) are reliable and valid self-report scales measuring different aspects of schizotypy ([@B43]--[@B45]). The Wisconsin Schizotypy Scale-Brief measures positive (PAb and Magical Ideation) and negative (Physical and Social Anhedonia) traits. The Cognitive Disorganization scale from the short-form Oxford-Liverpool Inventory of Feelings and Experiences measures disorganized features of schizotypy.

### Autism-related traits

The Autism-Spectrum Quotient (AQ) is a self-report measure of autistic-like traits ([@B46]), with higher AQ scores indicating more autistic-like behavior. AQ traits were included as a potential confounding factor, associated with better global integration on the RFIT ([@B26]).

Measures of local and global visual integration
-----------------------------------------------

### Radial frequency (RF) patterns

RF patterns are closed-contour shapes generated by sinusoidal modulation of the radius of a circle as a function of polar angle ([@B25]),
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where θ is the angle made with the x-axis, *R*~0~ is the mean radius of the modulated circle, *A* is the amplitude of modulation, ω is the frequency of modulated cycles in 360° (ω = 3, denoted RF3) and φ is the angular phase of the shape.

For both tasks described below, a regularly-sampled RF3 pattern (1, 2, or 3 cycle) or circle is displayed amongst noise elements. The orientation of the jittered elements of the RF pattern at each location around the contour varies from the local tangent to a circle, with the same center, and is given by Dickinson et al. ([@B47]):
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where α(θ) is the local Gabor orientation at a specific polar angle around the pattern and other parameters are define as for Equation 1. Both the target contour and noise elements were made of Gabor patches with a grating spatial frequency centered on 4 c/deg and in cosine phase so a bright bar was at the center of the pattern. The target pattern (RF or circle) contained 24 evenly spaced (1.25° separation) Gabor patches with a radius of 3.78°. There were 225 noise elements, which were placed within a 15 × 15 grid, subtending 17.5° visual angle.

### RF jittered orientation tolerance (RFJOT) task

The RFJOT task (adapted from the JOVI) was used to measure an individuals\' tolerance to orientation noise at the local signal level when evaluating a global percept. The target shape was a Radial Frequency (RF) pattern which is a closed-contour shape generated by sinusoidal modulation of the radius of a circle as a function of polar angle ([@B25]) (see equation in 1). On each trial, participants had to decide if the corner of the target RF3 (a triangular shape when *A* = 0.025 in Equation 1) was facing leftward or rightward (leftward 50% of the time). The elements on the contour were jittered in orientation by varied amounts, such that the coherence and detectability of the contour declines (see Figures [1A--C](#F1){ref-type="fig"}). Jitter levels similar to Silverstein et al\'s ([@B14]). Study 1 (±0, ±7, ±11, ±15, ±19, ±23, ±27 degrees of jitter) were used in order to sample a range of accuracy levels (50--100%). The amount of orientation jitter required to reduce performance to 75% (threshold[^4^](#fn0004){ref-type="fn"}) served as our primary measure of performance. As in Silverstein et al. ([@B14]) the proportion of correct responses combined across the jitter levels was calculated, providing a secondary measure of performance (see [Supplementary Materials](#SM1){ref-type="supplementary-material"} for details).

Fourteen practice trials (2 trials per jitter level) were administered prior to the task. Twenty test trials (140 trials in total) at each jitter level were presented, which were randomly interleaved. Participants\' pressed the left or right button on a button-box to indicate the direction pointed by the target. There was no time limit to make a response, however, reaction time was still recorded to 100 μs resolution. Reaction time data will not be analyzed here. Participants were informed to respond as quickly and accurately as possible. No feedback was provided.

### RF integration task (RFIT)

The RFIT assessed the ability to globally integrate information around a regularly sampled contour (Figures [1D--H](#F1){ref-type="fig"}). The target was either a sampled RF3 pattern or a sampled circle, displayed amongst noise presented in a 2-interval forced-choice procedure. The participants\' task was to indicate whether the RF3 appeared in the first interval (left-button press) or second interval (right-button press). The amplitude (*A*) of shape distortion required to discriminate an RF3 from a circle was measured, as more modulation cycles (from here on referred to as *corners*), are added to an otherwise circular contour (Figures [1D--H](#F1){ref-type="fig"}). Integration ability was indicated by the index of the power function (*B*, see *equation S2*, [Supplementary Materials](#SM1){ref-type="supplementary-material"}), describing the rate of threshold (minimum amplitude of shape distortion) decrease with increasing number of corners. Global integration is evident if *B* (referring to the slope of performance) is statistically significantly steeper than probability summation. Probability summation refers to the increased probability of detecting a single corner as the number of corners presented increases, and assumes a purely local processing of the contour ([@B32], [@B33], [@B48], [@B49]).

The threshold was obtained using Psi, an adaptive psychophysical procedure implemented through the Palamedes toolbox in Matlab \[see Chapter 4, ([@B50])\]. The presentation of the test (RF3) and reference (circle) patterns were randomized and presented for 160 ms each, with a 500 ms inter-stimulus interval. The orientation of the test pattern varied between trials to prevent the participant from knowing the deformation location prior to the trial. Before the test trials, each individual completed approximately 10 practice trials when all three cycles were present to familiarize participants with the task. Experimental trials commenced with an amplitude (A in Equation 1) of 0.1 and one-hundred test trials were presented in each run for each number of corners. Participants had an unlimited viewing time, but were asked to respond as quickly as possible after the presentation of the stimulus. No feedback was provided.

Additional tests
----------------

Visual acuity can influence some aspects of contour integration ([@B17]), so was assessed with a LogMAR acuity chart (using the line scoring method, ([@B51])). Lower scores indicate poorer visual acuity. General cognitive ability was estimated with a tablet-based Digit Symbol Coding test (NeuroCog Trials, ([@B52])) with scores indicating the number of items correctly identified in 90s. Handedness was assessed with the Edinburgh Handedness Inventory (<http://zhanglab.wikidot.com/handedness>), scores ranged from +1 (pure right handed) to −1 (pure left-handed).

General procedure
-----------------

The PAb, Social Anhedonia, Cognitive Disorganization and AQ scales were voluntarily completed in supervised groups in an initial screening session, following normal laboratory classes. Individuals meeting the inclusion criteria on the PAb scale were invited to take part in further testing, in a separate session. All schizotypy scales and the AQ scale were then re-administered, prior to the RFJOT and RFIT, to determine test-retest reliability. Other additional tests were conducted prior to the visual measures. Another subset of PO tasks was also presented, which were part of related experiments to be reported separately. Total testing time was approximately 2.5 h (including rest breaks), and participants received course credits for their participation. The study was approved by the Human Research Ethics Committee at the University of Western Australia. All participants provided informed, written consent and no financial incentives were offered.

Data analysis
-------------

GraphPad Prism Version 7 and IBM SPSS Statistics Version 22 were used to analyse the data. For the RFJOT, individuals with a total proportion correct score \< 50% were planned to be removed \[as Silverstein et al. ([@B14])\], however, none met this criteria. Additionally, individuals performing below 75% accuracy on the 0 jitter level were excluded (High PAb: *n* = 2, Low PAb: *n* = 1), as this indicates that the participant was having difficulty seeing the RF3 stimulus. For the RFIT, the distribution of the integration slopes and probability summation slope estimates were skewed, consequently log-transformed values were used for the analyses reported below (the anti-logged data is presented in figures). Additionally, one outlier (\>3SD mean) was detected for the integration index, however, removing this datum did not alter the outcome, and the distribution remained normal, so this datum stayed in the analyses. R^2^ (a goodness of fit statistic) indicated good fits for both the RFJOT (*R*^2^ = 0.875, 95% CI ± 0.021) and RFIT (*R*^2^ = 0.936, 95% CI ± 0.023)[^5^](#fn0005){ref-type="fn"}.

Spearman\'s correlations indicated good or acceptable test-retest reliability for schizotypy and AQ scores: PAb = 0.76, Cognitive Disorganization = 0.84, Social Anhedonia = 0.74 and *AQ* = 0.87. Original screening scores were used for the High and Low PAb group allocations reported below. Individuals who scored 3 or more on the Infrequency Scale were excluded from the final sample (High PAb group: *n* = 1). Outliers (\> ± 3SD) for age (High PAb: *n* = 1, Low PAb: *n* = 2) were excluded prior to analysis.

Effects sizes for the ANOVA\'s are represented by partial eta squared (η^2^) and Cohen\'s d for *t*-tests. Effect sizes are considered small when η^2^ = 0.01/d = 0.20 or approach that value, medium when η^2^ = 0.06/d = 0.50 or approaching that value, and large when approaching η^2^ = 0.14/d = 0.80 ([@B53]).

Results {#s3}
=======

Descriptive statistics
----------------------

There were no statistically significant differences between High and Low PAb groups in age, DSC, handedness or acuity (see Table [1](#T1){ref-type="table"}). Chi-squared tests also showed no statistically significant differences in sex distribution between the High and Low PAb groups, χ^2^ = 0.290, *p* = 0.590. Statistically significant group differences were found in (some) other schizotypy traits and for total AQ scores, though effect sizes (Table [1](#T1){ref-type="table"}) and score distributions (Figure [S2](#SM1){ref-type="supplementary-material"}) show the large group overlap on the majority of these measures (other than the PAb traits).

###### 

Participant characteristics in High and Low PAb groups.

                                               **High PAb (*n* = 55)**   **Low PAb (*n* = 77)**   ***t***   ***p***                                    ***d***
  -------------------------------------------- ------------------------- ------------------------ --------- ------------------------------------------ ---------
  Perceptual aberration                        4.95 (2.30)               0 (0.00)                 18.44     \<0.001[^\*^](#TN1){ref-type="table-fn"}   3.03
  Cognitive disorganization                    7.27 (2.64)               5.09 (3.15)              4.19      \<0.001[^\*^](#TN1){ref-type="table-fn"}   0.75
  Magical ideation                             4.35 (2.70)               1.45 (1.85)              7.33      \<0.001[^\*^](#TN1){ref-type="table-fn"}   1.25
  Social anhedonia                             3.47 (3.34)               2.54 (2.84)              1.72      0.09                                       0.30
  Physical anhedonia                           2.05 (1.86)               2.21 (2.05)              −0.49     0.66                                       −0.08
  Total autism quotient                        20.00 (7.00)              16.14 (6.40)             3.28      0.001[^\*^](#TN1){ref-type="table-fn"}     0.57
  Acuity                                       −0.09 (0.08)              −0.11 (0.08)             1.35      0.09                                       0.31
  Digit symbol coding                          59.62 (9.36)              60.73 (9.71)             −0.56     0.51                                       −0.12
  Age                                          19.64 (3.09)              19.53 (2.79)             0.23      0.84                                       0.04
  Handedness[^∧^](#TN2){ref-type="table-fn"}   0.73 (0.39)               0.66 (0.52)              2113.50   0.99                                       −0.02

*p is significant at 0.05 level*.

*Mann-Whitney U test was used, and the effect size is represented by Z*.

Correlations between DSC, handedness, acuity and AQ scores with RFJOT thresholds and RFIT integration slopes were explored to identify potential covariates (Table [S3](#SM1){ref-type="supplementary-material"}). Correlations larger than 0.3 were used to identify potential covariates ([@B54]). All correlations were low, and none exceeded this criterion ([@B54]). Given *a priori* evidence ([@B17], [@B26]), analyses of visual integration data were repeated with and without AQ and acuity as covariates. The pattern of results was unchanged, hence for brevity only the latter are presented.

RFJOT
-----

Preliminary inspection of performance at 0° jitter level indicated no statistically significant difference in the proportion of correct responses between High PAb (*M* = 0.972, *SD* = 0.090) and Low PAb (*M* = 0.987, *SD* = 0.039) groups \[*t*~(126)~ = −0.232, *p* = 0.817, *d* = −0.041\], indicating that all participants displayed adequate attention to the task.

Independent samples *t*-tests indicated that the High PAb group had statistically significantly lower orientation-noise thresholds than the Low PAb group, *t*~(126)~ = −2.744, *p* = 0.007, with a medium effect size, *d* = −0.494 (BF~10~ = 5.470[^6^](#fn0006){ref-type="fn"}, Figure [2A](#F2){ref-type="fig"}), and a lower proportion of correct responses (collapsed across non-zero jitter levels; Figure [2B](#F2){ref-type="fig"}), *t*~(126)~ = −2.567, *p* = 0.011, *d* = −0.461, consistent with poorer local visual signal processing.

![Upper: Radial Frequency Jittered Orientation Tolerance (RFJOT) task thresholds **(A)** and proportion of correct responses **(B)**---collapsed across jitter levels---between High vs. Low PAb. Lower: Radiacl Frequency Integration Task (RFIT) integration slope **(C)** and probability summation slope estimates **(D)** between High and Low PAb groups. ^\*^*p* is significant at 0.05 level, error bars represent 95% CI.](fpsyt-09-00518-g0002){#F2}

RFIT
----

First, to determine whether global integration was present, separate repeated-measures ANOVA\'s were conducted for each group using the two slope values (integration slope and probability summation slope) as the dependent variables. A main effect of slope was observed for both the High PAb (*F*(1, 47) = 11.094), *p* = 0.001, η^2^ = 0.191) and Low PAb (*F*(1, 70) = 39.194), *p* \< 0.001, η^2^ = 0.359) groups. For both comparisons, mean integration slope values were greater than the probability summation estimates (see Figure [2C,D](#F2){ref-type="fig"}), indicating that global integration occurred ([@B32], [@B33], [@B49], [@B56]).

Of note, the High PAb group had smaller mean integration slope values than the Low PAb group, however, the difference was not statistically significant, *t*~(117)~ = 0.517, *p* = 0.107, *d* = −0.302, which indicates that the efficiency of global integration did not systematically differ between these groups (Figures [2C,D](#F2){ref-type="fig"}).

Additional analyses
-------------------

Correlations between the key dependent measures of local and global visual integration were conducted to explore the potential overlap between tasks. A very small, non-significant correlation was found between RFIT integration slopes and RFJOT thresholds, *r*~(115)~ = 0.008, *p* = 0.930 and with RFJOT proportion correct, *r*~(119)~ = 0.038, *p* = 0.680, suggesting that the two tasks are measuring separate integration abilities, as expected.

Associations between other schizotypy traits (Magical Ideation, Social Anhedonia, Physical Anhedonia and Cognitive Disorganization) and visual integration outcomes were explored separately for (pooled) PAb groups (Table [S3](#SM1){ref-type="supplementary-material"}). A statistically significant correlation was found between Magical Ideation and RFJOT thresholds, with a small effect size, whilst correlations between negative schizotypy (Social Anhedonia and Physical Anhedonia) and disorganized (Cognitive Disorganization) traits and RFJOT/RFIT dependent measures were not statistically significant. These findings suggest that local contour integration abilities may be related to positive schizotypy traits, but not to negative or disorganized schizotypy.

Discussion {#s4}
==========

Poor contour integration has been reported in chronic ([@B14]) and first episode patients with schizophrenia ([@B18]). The current results extend these earlier findings in two important ways. First, consistent with our predictions, the results show that poorer local processing of contour also occurs in high positive schizotypes in the general community. Specifically, the High PAb group displayed less tolerance to noise at the local signal level on the RFJOT task, indicating poorer integration of local orientation information than the Low PAb group. Second, and contrary to expectation, we found that global integration efficiency, assessed on the RFIT task, was intact in high positive schizotypes.

Since statistically significant PAb group differences on RFJOT threshold remained when AQ traits were added as a covariate, and both the negative and disorganization schizotypy traits were statistically non-significantly correlated with RFJOT thresholds, our findings point to poorer local contour processing being particularly associated with positive traits. Poorer contour integration in the High PAb group seems unlikely to be due to participants being unable to see or attend to the RFJOT stimuli, since there were no statistically significant differences between High and Low PAb groups in visual acuity or the proportion of correct responses when orientation jitter was absent.

The repeated finding of contour integration deficits across related paradigms \[e.g., ([@B14], [@B18], [@B22])\] in both individuals vulnerable to, or diagnosed with, psychotic disorder \[e.g., ([@B18], [@B21])) suggests that abnormal contour integration may be a trait marker for schizophrenia. These findings are also consistent with Meehl\'s ([@B6]) concept of an integrative neural deficit (*schizotaxia*) underlying liability to this disorder. Importantly, however, the results of the current study suggest that poor tolerance to local orientation noise may provide a mechanistic basis of this neurointegrative deficit ([@B57]).

One implication of the current findings is that poorer local processing of contour in high schizotypes results in cascading negative effects, at later stages of information processing--such as difficulties with working memory ([@B4]). Could the direction of causality be reversed? That is, could a reduction in working memory in high schizotypy ([@B58]) lead to the difficulties in local noise tolerance observed in this paper? The current study is not designed to test this possibility. Since digit symbol coding performance draws on both the precision and capacity of working memory, yet did not differ in high and low schizotypes in the current sample, this line of argument seems unlikely. That said, digit symbol coding is clearly a multifactorial task, and not a specific index of components of working memory. Therefore, the possibility remains open that a selective difficulty in working memory precision alone, for example, could contribute to the poorer local contour processing observed in high schizotypes. Future work may look to alternative approaches to investigate this issue. For instance, tasks employing eye movement recording ([@B59]) may be useful to examine whether disruption in selective components of working memory in high and low schizotypes contributes to differences in local contour processing abilities.

The findings from this study in healthy adolescents and young adults suggest that positive traits are associated with poorer local integration throughout development ([@B24]), whereas global integration difficulties may only occur in those who progress to a diagnosis of psychosis. This proposal aligns with recent work in healthy observers which shows that local and global processing evolve independently across development ([@B32]). Using a variant of the RFIT, Cribb et al. ([@B32]) found that sensitivity to local curvature information continues to improve through childhood and adolescence, whilst global integration of shape information is already adult-like in early childhood. Given that most individuals with high levels of schizotypy do *not* go on to develop schizophrenia ([@B60]), we speculatively suggest that (i) the unusual perceptual experiences in high positive schizotypy are linked to poor local contour integration, and (ii) intact global integration of shape information in high schizotypes (as found in this study) may confer protection to the onset of psychotic disorder. Longitudinal study designs are now needed to examine this proposal. On the other hand, current models of schizophrenia propose that multiple genetic, environmental and cognitive risk factors contribute to the development of schizophrenia ([@B61], [@B62]). Identifying both similarities and differences between healthy schizotypes and individuals with schizophrenia will help to provide greater insight into the potential risk and protective factors for developing schizophrenia ([@B3], [@B63]).

Some additional limitations of this study should also be acknowledged. Firstly, the generalizability of the results is restricted by the confinement of participants to a university sample, given the selective nature of university entrance. Secondly, our study focused on positive schizotypy traits here, and have not experimentally controlled for levels of other schizotypy traits, which can be difficult given the high correlation between these traits ([@B45]). Therefore, conclusions regarding the specificity to positive traits needs to be tentative. On the other hand, our supplementary analyses showed that there were small, and often statistically non-significant correlations between other schizotypy traits (e.g., Social and Physical Anhedonia, and Cognitive Disorganization) and the key integration variables, highlighting the possibility of a specific relationship between positive schizotypy and atypical local integration. Nonetheless, the potential interaction amongst schizotypy traits is not fully understood ([@B64]), and should be a focus for future work.

In sum, this study demonstrates that healthy positive schizotypes have difficulty integrating local orientation information into coherent paths--similar to that previously found in schizophrenia patients ([@B22]). These findings suggest that impairments in local contour integration do not only occur after illness onset, they also characterize people at increased risk for psychosis.
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^1^We acknowledge that the RFIT can also measure sensitivity to local orientation signals \[RFIT, threshold levels, for discussion see ([@B26])\], however, the primary purpose of the RFIT in this paper was as a measure of global integration

^2^Following the quasi-dimensional model of schizotypy underlying the Wisconsin Schizotypy Scales ([@B39]), the 90^th^ percentile was chosen as the cut-off to select the high schizotypy group, i.e., the upper 10% of schizotypes. Since "very low" scores may not be representative of the remaining population ([@B40]), the 50th percentile was chosen as the cut-off for selecting the low schizotypy group.

^3^The Psychosis Screen was used as a brief screen for the presence of psychosis. When 2+ (out of 6) items were screened as present, the Diagnostic Interview for Psychosis (a clinical interview for psychotic disorders) was used to provide a more detailed assessment.

^4^We utilized a slightly different method (further information in Supplementary Material) than previously used to obtain threshold estimates for the RFJOT, which had fewer free parameters, providing a reliable threshold estimate.

^5^A very small number of participants had psychometric function fits that indicated a relatively poor fit of the curve to their data. Analyses were repeated following the removal of participants where the *R*^2^ ≤ 0.6 for both the RFJOT (number removed: n~highPAb~ = 4, n~lowPAb~ = 3) and RFIT (number removed: n~highPAb~ = 3, n~lowPAb~ = 3).

^6^This Bayesian re-analysis was completed following the methods of Ly et al. ([@B55]) (please see Supplementary Results, Table [S1](#SM1){ref-type="supplementary-material"} and Figure [S1](#SM1){ref-type="supplementary-material"}, for further details). This analysis also finds a moderate effect size in support of the hypothesis that the threshold is different between the High and Low PAb groups.
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